Summary. The transcapillary escape rate and relative plasma disappearance of glycated and non-glycated albumin were measured in 25 male Type 1 (insulin-dependent) diabetic patients using a double tracer technique. The patients were divided into three groups on the basis of their urinary albumin excretion: group 1, normal albumin excretion ( < 30 mg/24 h) (n= 8); group 2, microalbuminuria (30-300 mg/24 h) (n=9); and group 3, clinical nephropathy (> 300 mg/24 h) (n= 8). Six male age-matched non-diabetic persons served as control subjects. The transcapillary escape rate of glycated albumin was similar in group 1 and control subjects (4.7 + 2.1 versus 5.1 + 1.7%), but significantly increased in group 2 (7.0+ 1.7%, .w p< 0.05) and in group 3 (7.9 + 3.1%, p < 0.05). The transcapillary escape rate of glycated albumin was slightly lower than that of non-glycated albumin in all groups, but significant only in normal control subjects. No difference in the catabolic rate of glycated and non-glycated albumin was found. We conclude that the in vivo effects of glycation on the clearance and transcapillary passage of albumin are small and not likely to play any significant role in the development of late diabetic microvascular complications.
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Increased microvascular leakage of plasma proteins seems to be closely associated with the development of severe diabetic complications [1] [2] [3] . Recently, an increased transcapillary escape rate (TER) of albumin and hypoalbuminaemia were also demonstrated in patients with microalbuminuria [4] . This indicates the presence of an advanced general microvascular dysfunction concomitant to the early rise in urinary albumin excretion, also involving albumin metabolism. The morphological or biochemical alterations related to increased TER of albumin are unknown, but haemodynamic alterations [5, 6] and/or alterations in the properties of the capillary wall [7, 8] are a possibility. Another possibility would be a differential handling by endothelial membranes of glycated and non-glycated albumin. Thus, unmodified rat albumin was shown in vitro to be excluded from ingestion by endothelial micropinocytotic vesicles, whereas glycated albumin in concentrations found in normal subjects was avidly taken up by the endothelial cells of the rat [9] . It has also been shown that non-enzymatic glycation of endothelial membrane components results in stimulated ingestion of glycated albumin in vitro [10] . However, in vivo studies in diabetic patients have produced conflicting results [11, 12] . In the present study we investigated the simultaneous transcapillary escape rates and the relative metabolic clearance of glycated and non-glycated albumin in diabetic patients and normal control subjects.
The aim of the study was to evaluate the in vivo effects of glycation of albumin on these parameters and thereby determine a possible role in the development of diabetic microvascular complications.
Subjects and methods
Twenty-five Type I male diabetic patients were studied. They were divided into three groups according to their urinary albumin excretion. Group 1 had normal albumin excretion (<30mg/24h). Group 2 had microalbuminuria defined as a urinary albumin excretion of 30-300 mg/24 h, and group 3 had clinical nephropathy (> 300 mg/24 h or Albustix positive reaction in urine). The group assignment was based on measurements in three 24-h urine collections. The patients had no history of non-diabetic renal or vascular disease, and received no medication other than insulin.
Six male age-matched non-diabetic persons served as control subjects (clinical data shown in Table 1 ).
All patients and control subjects gave their informed consent, and the experimental design was approved by the Regional Ethical Committee.
Experimental design
A double tracer technique was used comparing the plasma disappearance curves in each subject after simultaneous injection of nonglycated 13~i_albumin and glycated l~I-albumin (both tracers, Kjeller, Norway code no. IK.23 S and I"1-.23 S).
Glycation
Glycation of 12~l-albumin was carried out in sterile, closed vials. The incubation mixture consisted of 4.uCi 125I-albumin 0.03 mg/IxCi, 550 mmol/1 glucose and 0.9% benzylic alcohol in 25 mmol/l phosphate buffer (pH 7.8) to a final volume of 2.0 ml. Prior to use the vials were incubated at 37 ~ for 48 h. At all other times they were kept below 4 ~ No deterioration of radio chemical purity was detectable by high voltage electrophoresis during the experimental period. Control experiments with non-radioactive albumin showed this procedure to give a degree of glycation of 5.5 mol glucose/mol albumin as measured with the furosine method [17] . 12SI-albumin was assumed to be glycated to a similar level. For comparison, albumin from a group of moderately regulated diabetic patients (HbA~=9.5 ___ 1.0, n= 17) was found to be glycated to a degree of 0.83 + 0.1 mol glucose/mol albumin as measured with the same method. The molecular size of glycated 125I-tracer was estimated by diffusion in agar [18] and was not significantly different from that of untreated 125I-albumin or 131I-albumin in accordance with the small hypothetical increase in molecular weight, i.e. no polymerization or splitting of the albumin tracer had occurred.
Transcapillary escape rate (TER)
TER was measured as described by Parring [1] . The patients were studied in the supine position after a 1-h rest. Immediately prior to injection, 4 ~tCi of unmodified 131I-albumin 0.013 mg/~tCi was added to the incubation vial containing glycated 125I-albumin. For each experiment, 1-2 ml of this final mixture was injected intravenously in one arm corresponding to approximately 2 p~Ci of both tracers. Standards were prepared from the same vial and the precise volume for injection and standard determined by weight. After injection, 10 ml blood samples were drawn from the contralateral arm every 10min during the first hour. The 125I and 131I-activity of the samples were measured simultaneously in a two-channel scintillation counter. All samples were corrected for radio decay, and the activity expressed as cpm/mg total plasma protein to compensate for changes in plasma volume during the TER measurements. The TER was calculated as the disappearance rate constant. To estimate the relative clearance, additional sampies were taken 3 and 5 days later, and the ratio in plasma normalized to the calculated zero ratio determined by retropolation of the curves (zero ratio = 1.0).
Assays
The urinary albumin excretion was measured using an ELISA assay [13] . The interassay variation was 9%.
HbAlc was measured by a chromatographic technique [14] . The normal range was 4.1-6.4%.
S-creatinine was mesured by a reaction rate kinetic principle eliminating pseudo creatinines [15] . The interassay variation was 2.5%.
Statistical analysis:
Results are given as mean +-SD. The paired and unpaired Student's t-tests were used for comparison within and between the groups. A p value of 0.05 was considered significant.
Results
A close match with regard to age was obtained in the study (Table 1 ). The diabetes duration was longer in group 3. TER of non-glycated albumin was similar in group I and control subjects. It was significantly higher (p< 0.05) in groups 2 and 3 ( Fig. 1) .
TER of glycated albumin was slightly lower than for non-glycated albumin in all groups, but the difference reached statistical significance only in normal controls (ratio 0.80 _ 0.19, n = 6, p<0.05) (Table2). Relative metabolic clearances assessed by the normalized tracer ratio 3 and 5 days after injection showed no significant difference in metabolic handling (Table 2) .
Discussion
In this study a degree of glycation of albumin tracer exceeding that seen in moderately regulated diabetic patients was obtained at least five times. In accordance with previous findings, the TER of unmodified albumin was elevated in patients with microalbuminuria and overt nephropathy [1] [2] [3] [4] . The TER of glycated albumin was slightly lower. The decrease was not due to any difference in radiochemical purity or polymerization, suggesting a change in molecular properties associated with glycation apart from the minute increase in relative size. Glycation of proteins takes place at the basic amino acid lysine, thereby slightly increasing the net anionic charge of the compound [16] . In studies of renal glomerular permeability, repulsion between fixed anionic charges of the basement membrane and the negative charge of albumin has been shown to constitute an important part of the filter hindrance [7, 81 . A similar mechanism also present in non-renal capillaries or in the interstitial space would be in accordance with these results. A lower TER of glycated albumin in comparison to TER of non-glycated albumin is contradictory to the in vitro experiments by others [9, 10] , but supports our own findings of a reduced renal clearance of glycated albumin in diabetes [11] . The unchanged plasma ratio of the tracers 3 and 5 days after injection indicates similar metabolism of the two albumins. We conclude that TER of glycated albumin in man is slightly lower than TER of unmodified albumin in accordance with an increase in electrical charge. We confirmed that patients with increased urinary albumin excretion have increased TER of albumin, independent of whether albumin is glycated. Our results are not consistent with any preferential endothelial uptake or transfer of glycated albumin in either control subjects or in diabetic patients. However, this does not exclude that glycation of structures on vessel surfaces contributes to the development of late diabetic complications.
